Abstract. Time and price of contracted construction as well as their overrun are among highly pronounced issues in the construction practice. Numerous studies indicate that there is a dependency between these parameters at various construction markets. The paper shows the results of a research conducted on a group of 40 projects related to water supply systems carried out in the Federation of Bosnia and Herzegovina from 2001 to 2012. Collected data, obtained through interviewing chief engineers of construction companies, have been used as input parameters for implementation of single linear regression by applying the BTC (Bromilow time-cost) algorithm. The final result is a model in the form of an exponential equation. Whereas it was obtained based on effectuated values, it can be considered appropriate for assessing and testing the construction time in the early planning stage, as well as at work contracting. Since the parameter values in the model depend on circumstances of the specific area under consideration, the application of the model is recommended primarily in the area where the research was conducted. Results of the price overrun and construction overrun interdependence have not resulted in determining the exponential model. The paper also proposes application recommendations and guidelines for further research.
Introduction
Theses about three key project indicators -cost, time and quality -are well known and accepted. However, there are numerous reasons why research often focuses on cost and time model (hereinafter BTC or TC model) (Bromilow 1969) . The simple linear regression analysis method was applied whose suitability was also proven in numerous later researches (Ireland 1983; Chan2001; Choudhury, Rajan 2003; Car-Pušić 2004; Car-Pušić, Radujković 2009 ). The significant "time-cost" model limitation is that it can be applied only in the area or country of its origin due to specific economic characteristics which are reflected on the value of model constants. Therefore, the existing models are not universally applicable and must be defined according to structure categories for each country separately. Consequently, similar studies have been conducted in many countries in order to obtain adequate and corresponding time assessment models (Kaka, Price 1991; , 1999 Khosrowshahi, Kaka 1996; Chan 2001; Choudhury, Rajan 2003; Sun, Xu 2011; Durson, Stoy 2011) .
The significance of cost and time relation modelling is even more prominent within the context of their frequent overrun, the fact which has been proved by numerous researches (Radujković 1997 (Radujković , 1999 . In other words, despite the availability of various control techniques and project control software, many construction projects still do not achieve their cost and time objectives (Olawale, Sun 2010; Ahsan, Gunawan 2010) .
Numerous researches have been conducted worldwide which indicate a frequent significant deadline and cost overruns of many construction projects.
So for example, in the U.S., the study of Hoffman (Hoffman et al. 2007) , conducted on 332 structures constructed in the period from 2001 to 2004, has emphasized that 72% of the structures were not completed within the satisfactory goals. 9% of the structures had a contracted construction time overrun over 2 months, and 47% over 4 months.
A similar study was conducted in Australia in the period from 1992-1999. 93 structures were analyzed, 33 of which had exceeded the deadline for more than 20%, while the cost overrun was recorded in 21 structures. 35% of structures were completed within the contracted deadline and 26% of structures were constructed with the unchanged contracted price (Skitmor, Ng 2001) .
According to the reports from the World Bank in 2007, road construction in India suffers about 25% of contracted price overrun and more than 50% of construction time overrun for all projects (Kenny 2010) .
According to a research conducted in China (Sun, Xu 2011) , where only various types of reconstructed structures were considered, in 72 structures built in the period from 2006 to 2008, the construction time overrun over 20% was recorded at 11.11% of the structures, 10-20% at 20.83% of the structures. The construction contracted price overrun of more than 10% was recorded at 26.39% of the structures and 5-10% at 55.56% of the structures.
The experience from developing and transition countries is unfortunately not better. In Slovenia, a research was conducted on a sample of 92 traffic structures built in the period from 1993 to 1998. The obtained data showed that the average contracted time overrun was 63% and the average contracted price overrun was 51% (Nikić 1998) .
Within the scientific research project "Risk Management and Resource Management in Construction Projects" (Radujković 1999) , conducted in Croatia, 333 structures were investigated in the period from 1996 to 1998. A time overrun in 78% of structures and price overrun at 81% of structures were recorded.
The factors resulting in cost and deadline overruns have also been subject to analysis in some researches (Nikić 1998; .
The frequency of deadline overruns, that is, an understandable general need for accurate time planning has encouraged the researchers to aim their interests at obtaining more accurate construction time results by taking a larger number of variables into consideration. Furthermore, more complex models which are based on the basic BTC model have also been developed but additional independent variables have also been introduced (number of stories, gross floor area-GFA) with cost preservation in one model . Nkado (1992) developed a more complex model based on a multiple linear regression analysis. The analysis has shown that the duration of group activities and their sequential start-start lag times can be predicted from 12 variables (e.g. gross floor area, area of ground floor, building location etc.) The costs have not been included. Love et al. (2005) obtained interesting results based on a research conducted on 161 construction projects completed in various Australian States. By using the multiple linear regression analysis which was performed "between project duration, project type, procurement method, tender type, gross floor area (GFA) and number of stories. An alternative model to that proposed by Bromilow … for forecasting time and cost performance is proposed. It is shown that GFA and the number of stories in a building are key determinants of time performance in projects" (Love et al. 2005) . The implementation time and the GFA are of essence for cost assessment.
When more variables are introduced to possibly obtain higher result accuracy, the problem must be considered more widely. Firstly, the research results must confirm that the obtained results are indeed more accurate than those obtained by applying the basic model. Furthermore, the model complexity is regarded differently from the perspective of "mathematical complexity" compared to the perspective of application complexity in construction practice. As the experience has taught us, a relatively small increase in model complexity can result in its rejection by profession at the operative level and under conditions of its practical application, at least in post-transition business environment. Therefore, a gradual or a composite application may be a better option. In addition, there is another advantage of the cost as a predictor, which is the universality of its application regardless of the structure type. Namely, the previously determined variables "number of stories" and "floor area" are limited to application on building construction structures, that is, buildings. Thus, other characteristic variables-predictors would have to be determined for other structure types. This is, naturally, possible and even desirable in terms of improved accuracy which could be achieved and which should be confirmed by the research. However, in terms of looking for the most optimal solution which could be applied in practice, a composite application, that is, application of the TC model should be favored and a model with more variables should be applied wherever and whenever possible.
Previous analysis leads to the conclusion that there are researches which speak in favor of BTC model authenticity and credibility as well as those which dispute the model. It is a complex issue which deserves further research. It is certain that the introduction of additional variables and the application of multiple linear regression analysis complicate the matter to an extent. In the context of the previously stated thesis about the need to opti-mize the application of the model with one and/or more variables and especially taking into consideration the reality of aggravating economic circumstances in post-transition environment, the authors of this research have decided to analyze the BTC model as a more realistic option to be applied in the Federation of Bosnia and Herzegovina (FBiH) at the moment.
Based on previous considerations, the following main objectives of the research were defined:
1. BTC model for water supply facilities in the Federation of Bosnia and Herzegovina.
2. An analysis of the DC-DT model for predicting the cost increase due to project overrun. DC is the project price overrun and DT is the planned project duration overrun. The main idea is to examine whether the BTC algorithm could provide an exponential model which would enable an approximative calculation of price overrun caused by the project duration overrun. 3. References and application measures as well as recommendations and guidelines for further research.
Time assessment models
Bromilow's "time-cost model" is still considered as the simplest construction time model depending on the project value. As elaborately stated in the introduction, since its creation in the 1960s it has been regularly applied and tested on different structure groups by numerous researchers. It has stood multiple tests which have proven credibility of its application on swift construction time assessment depending on the project cost. It must again be pointed out that the most significant limitation is the territory-bound application caused by differences in economic characteristics, which is reflected upon the K and B regression constant values. The general time-cost model is:
where: T -is construction time; C -is construction price; K -is a constant which shows the average number of workdays for a unit monetary value (e.g. in the original Bromilow's model such value would be 1 million Australian dollars); B -is a constant which shows the dependency between the time change and the project complexity expressed in cost.
The benefit of this model is its ability to undergo the following logarithmic transformation:
What is thus obtained is the linear dependence function, that is, the first degree polynomial expressed as = + y ax b . This function points out the possibility of applying a simple regression analysis for K and B constant determination which is then calculated by applying the following equalities /expressions/: lnK = b;
where: a -is slope coefficient; b -is interception.
For that very reason this advantage was used in the model application. Several researchers have been making attempts to financially relate the duration of work and several other significant factors besides costs. For example, in 1994 Chan and Kumaraswany analyzed the influence of other factors on the work duration, some of which were the total gross area of the structure and the number of floors for building construction structure . It resulted in models such as:
where: L, M, F and G -constants; A -total gross area of the structure in m 2 ; S -number of floors.
It is quite clear that the function dependency analysis can be continued in this direction but what has to be taken into consideration is that the increase of the number of independent variables makes the procedure more complex and requires multi-functional regression analysis application. What is important is to find a proper variable number proportion, that is, procedure complexity and the adequate result accuracy which is obtained by applying the procedure.
research in Bosnia and Herzegovina
A similar study was conducted in the Federation of Bosnia and Herzegovina on 177 construction projects, carried out in the period from 1995 to 2006 (Žujo 2008a) . For the analysis, groups of structures were formed by their type, one of which being a group of 28 water supply systems.
By interviewing the lead engineers of the contractor the data about the construction year, the contracted and the effectuated time and construction cost as well as the reasons for contracted time and price overrun were obtained. The contracted times and prices were taken from the construction contract. The deadline which was determined in writing and confirmed by the lead engineers of the contractor is considered as a date of completion. The final construction price is the result of all contracted amounts according to the basic contract and its annexes. None of the analyzed projects was arranged at a fixed price and none of the projects had the penalties paid by the contractor due to delay of works. This does not mean that paying the penalties was not contracted by any of the contracts in question. However, it was not carried out in practice. This is a quite common practice in this region. The same goes for earlier completion bonuses. For the purpose of this research, this part of the entire project is called a construction project or just a project.
By analyzing the base as a whole, the data has shown that in 51.40% of structures the contracted deadline was not met and in 41.23% of structures the contracted price was not sustained. A simultaneous overrun of both the contracted deadline and the contracted price was recorded in 27.68% of structures (Žujo 2008a ).
The main goal of the research was to determine BTC models for specific structures by regression analysis and to test their applicability in the Federation of Bosnia and Herzegovina.
The BTC models are important for a preliminary, rough planning and a swift construction time assessment in the early project stages. They must be determined for a specific region or a state because their parameter values reflect the economic circumstances and specificities. Therefore, it is not justified to apply BTC models which were determined for another region or a state.
The collected data were also used in further research for a scientific analysis confirming the authenticity of the BTC model in FBiH (Žujo, Car-Pušić 2008; Žujo 2008b; , 2009c .
The obtained data were also used to conduct research about how specific risk factors influence the contracted construction deadline overrun. Multiple linear regression analysis was applied. The research was conducted for water supply facilities . A contribution of these researches is determination of most significant risk factors in the area which are the risk factor related to incomplete and incorrect technical documentation, as well as new technical solutions deriving from these.
Another kind of research (Žujo et al. 2010 ) was conducted in order to obtain and test the authenticity of the model which can be used for calculating the price increase in relation to the construction time extension, that is, the model of the following type:
where: DC is the contracted price overrun; DT is the contracted time overrun.
A simple linear regression analysis was applied in order to analyze the linear function dependence of the price overrun and the construction time overrun for water supply systems. A very modest obtained value of determination coefficient pointed out the need for conducting further research of this dependence function.
For the purpose of this research, the 28 water supply facility construction project base, the facilities of which were constructed in the Federation of Bosnia and Herzegovina from 2004 to 2009 , was expanded with 12 another projects constructed between 2001 and 2012.
research methodology

Data base analysis
Data were collected for a total of 40 structures in water-supply system domain.
The structures were constructed in the Federation of Bosnia and Herzegovina in the period from 2001 to 2012. Data were collected by interviewing chief engineers from construction companies of Mostar area. All examinees were asked the same questions:
-structure construction year; -contracted construction time T UG ; -effectuated construction time T OS ; -contracted construction price C UG ; -effectuated construction price C OS ; -reasons for disregard of contracted deadlines; -reasons for disregard of the contracted price. Field data with the calculation of basic statistics are presented in Table 1 . The software Statistica 12 was applied. The basic statistical indicators were calculated for the entire data base. From a total of 40 structures, disregard of the contracted deadline was registered in 28 of them (70%), while simultaneously the contracted deadline and the contracted price disregard were registered in 21 structures (52.5%). The maximum overrun of the contracted deadline is 150% and of the price 42.62% while the average overrun of contracted deadline is 27.93% and of the price 3.90%. The construction of the structure 21 in Table 1 was started but never completed and has therefore been excluded from further analysis. 
Time-cost model for water supply facilities
The goal is to determine and test the model based on 39 water supply facilities which enables a swift construction time assessment and is based on the BTC model.
Model algorithm
The algorithm which is presented hereinafter is basically based on a multiply tested basic BTC model algorithm and simple regression analysis application patterns. A single regression analysis represents a mathematical equation that expresses a single random variable correlatively related with another random variable. It is among the oldest statistical methods applied in research of various scientific fields.
The function is a first degree polynomial y = ax + b and is called the regression straight line (Johnson, Bhattacharyya 2001; Pauše 1993; Pavlić 1988) . The application of a single linear regression on the research is conducted in the following steps:
-revalue the price with price increase index compared to the same time period, i.e. November 2012 (Monthly Statistical Review 2012); -calculate the natural logarithms lnT os and lnC os for the obtained field data; -determine the correlation coefficients R, determination coefficient R 2 , adjusted determination coefficient AR 2 and standard error assessment as basic indicators of research result relevance; -examine the linear dependence between the variables T-C using the correlation draw the "estimated value-residuals" diagram in order to additionally verify the results. Scattered points in the diagram point out random errors; -if the model can be assessed as the adequate one, the assessment indicators for the gradient and the section as well as the maximum and minimum values of 95% confidence interval are adopted. The parameter values of the models K and B are calculated with adequate formulas/expressions (3). For the calculation of statistical indicators and conducting of the single regression analysis the software Statistica v.12. was used.
As already noted, the first step was to make a price revaluation with price increase index compared to the same time period, i.e. November 2012 (Monthly Statistical Review 2012).
Since the projects were carried out during a longer period of time, from 2002 until 2012, a price re-evaluation must be made with an adequate price increase index. All project prices must be re-evaluated to the same date, month and year. Here, the re-evaluation was made for November 2012. The price increase index was taken from the Monthly statistical overview of Federal Statistics Institute in the Federation of Bosnia and Herzegovina. Since all the projects were carried out in the Federation of Bosnia and Herzegovina, this was the only justifiable option for price increase index. Moreover, as previously mentioned, due to the economic characteristics expressed by the obtained K and B parameters, the obtained model is justifiable only for the area where the research has been conducted. Since the price increase index also expresses the economic characteristics of the area, only the option of selecting the stated price increase index is justifiable in this case. The offered explanation corresponds to the explanation of the Bromilow model (Bromilow 1969; Bromilow et al. 1980; Kaka, Price 1991) .
By applying the described algorithm on a base of 39 structures with effectuated time and cost values ( Fig. 1 ) input data for a simple linear regression analysis shown in Table 2 are obtained. The regression indicators are shown in Table 3 . The values AR 2 and probability p justify the adoption of linear regression dependency between variables. The obtained correlation coefficients R = 0.830 and determination coefficients R 2 = 0.680 are within the satisfying limits as well as the adjusted determination coefficient AR 2 = 0.668. Also, testing of the zero hypotheses has confirmed the assumption that the time of the structure is in the function of price of that structure. In other words, the test value F and t, as well as values of the empirical significance value indicate that described independent variable C has a significant impact on the dependent variable T. The graphic presentation shown in Figure 2 proves that the line describes the dependency of the variables in a satisfactory manner.
By applying the adequate equations the K and B constant values are obtained. 
The obtained model can be applied for swift assessment of water supply structure construction time in the Federation of Bosnia and Herzegovina. The obtained K and B parameter values do not significantly vary from those obtained by a previous research (Žujo 2008a) .
Diagrammatic presentation of lnT os -lnC os relationdoes not rule out the possibility of approximating a linear function. However, the AR 2 coefficient value indicate the necessity of further analysis. The coefficient values are low but do not exclude the linear approximation possibility. The lower AR 2 value for contracted time and cost values points to larger lnT os deviations from "averaged" values. Partly, they are the result of different circumstances at time of contracting, that is, the absence of real construction time and price planning. Since the effectuated values are actually more important than the contracted ones because they reflect the actual abilites of performance, they should be taken as guidelines when contracting. Further analyses will be conducted based on 39 structures with effectuated time and cost values. The examination of values on the "assessed values -residuals" graphic presentation in Figure 3 points out a random arrangement of dots, which is an additional result verification. Table 4 shows statistical indicators of residual values. The credibility of applying the BTC algorithm on water supply system facilities in the Federation of Bosnia and Herzegovina has thus been confirmed. The main goal and purpose of the BTC model is to use time and price values obtained for a specific area or country as a base for establishing a model which would enable a swift assessment of construction time in early planning stages. This was made here, too. The regression analysis was conducted on effectuated construction time and cost values, on a relatively large specimen of structures which were under construction for a longer period of time. Since the struc- Residuals tures in question are relatively simple, almost typical structures without many finishing works, it can be concluded that the obtained model meets the requirements for a swift and simple construction time assessment of structures of similar nature.
Correlation between time and cost overruns
The main goal of this part of the research was to examine the suitability of applying the BTC algorithm for determining the swift approximate project price overrun increase caused by the expected overrun of its duration. If the obtained regression indicators were acceptable, an exponential model could be established and applied for a swift assessment of water facility price overrun due to project duration overrun. As previously stated, the analyzed base does not include contracts with fixed price or price increase or decrease caused by calculated penalties or bonuses. That means that the price overrun caused by real costs, which are the result of construction works and accompanying costs, could be calculated by applying the exponential model. However, a closer inspection of the scatter diagram (Fig. 4) points to examining the possibility of linear approximation. Upon analyzing the data shown in Table 2 , deadline and price overruns appear with some of the structures, deadline overrun appears with another part of the structures, and price overruns with some other structures, while deadline overrun and a reduced price appear with several structures. This reduction in price is the result of a certain haphazardness and inconsistency in establishing the price growth index which was present in the Federation of Bosnia and Herzegovina at that time.
Taking all circumstances into consideration, the analysis was made for a data base which includes 28 structures with previously determined deadline and/or cost overruns.
The BTC model was taken as the starting point for the hypothetic model. Therefore, the hypothetic model is in the form of an exponential equation: 
where: DC is contracted construction price overrun; DT is planned time 1 overrun due to risk effects [days] ; K is model parameter indicating the required average overrun of the contracted price for a specified time period 2 ; B is model parameter showing the dependence of changes in cost overruns on the change of time overrun.
where: DT is the contracted construction time overrun, that is, the difference between the contracted and effectuated time [days] ; DC is the contracted construction price overrun, that is, the difference between the contracted and effectuated price, revalued with XI/12
[KM]; lnDT is the natural logarithm for the contracted time overrun; lnDC is the natural logarithm for the contracted price, re-evaluated price overrun. The linear form enables application of a single linear regression which determines values of the parameters K and B. Obtaining of the K and B parameters which are entered into the basic exponential model is the primary purpose of the linear regression analysis.
The natural logarithms of the contracted price overrun and contracted time overrun were calculated (lnDT and lnDC) and input data for the single regression analysis were thus obtained. The necessity of undertaking this step results from the basic BTC model algorithm. Input data for regression are shown in Table 2 .
However, as shown in Table 5 , the obtained regression indicators are very poor (AR 2 = 0.017) and do not justify the regression analyses application at all, which is also well confirmed by the scatter diagram value graphic presentation in Figure 5 . Therefore, it cannot be stated that the prolonged construction time over a defined time period, e.g. work day) will result in value K price increase -the calculated parameter in the equation. Nevertheless, prior research (Žujo et al. 2010) suggest an additional issue deliberation. The result may lie within a numerously larger and more homogenous data base (e.g. according to structure value) for which a satisfactory result would be obtained. Such result would enable an approximate assessment of cost rise due to constructon time overrun.
The results obtained from this research and previous researches (Žujo et al. 2010) as well as the requirements of the practice point to the advisability of further research. Measures, recommendations and guidelines are pertained to determination of appropriate models for construction time assessment and project price overrun. The main goal is to obtain relatively simple and practice-adequate models which enable a swift approximate calculation of these values. Possible guidelines for further research are: 1. Modeling on larger and more homogenous bases (e.g. according to the project value, structure type and other); 2. Enlargement of the base with additional variables related to the technical characteristics of the structure (e.g. structure surface, number of water facility chambers and other technical data); 3. Enlargement of the base with additional variables related to risks causing the project time overrun; 4. Application of multidimensional regression analysis by introducing new variables 5. Application of non-linear models. A creation of a historical and contemporary data base with special reference to similar projects is recommended. Such approach enables creation of homogenous bases as bases for modeling.
It must be taken into consideration that the introduction of new variables contributes to the accuracy of the parameters but complicates the calculation at the same time. Therefore, an optimal solution is to be sought. 
Conclusions
By applying the BTC algorithm a model for swift time assessment of water supply structure construction was obtained. The regression analysis was conducted on effectuated construction time and cost values, on a relatively large specimen of structures which were under construction for a longer period of time. Since the structures in question are relatively simple, almost typical structures without many finishing works, it can be concluded that the obtained model meets the requirements for a swift and simple construction time assessment of structures of similar nature. By testing the zero-hypothesis the credibility of the BTC model was reconfirmed. According to the obtained information, no similar research characterized by the stated approach and goals has been conducted in these regions. In order to apply the methodology in a specific geographical area with specific economic characteristics, the research is to be conducted because it enables determination of parameters required for time and cost estimation models.
Results of analyzing the interdependence of project price overrun and duration overrun by applying the BTC algorithm have not provided results which could enable determination of an acceptable exponential mode. The results of this research and of the previous ones (Žujo et al. 2010) as well as requirements which resulted from practice point to the advisability of further research. It should be directed towards introducing new variables (technical characteristics of the structure and risks) and applying a multi-variant linear regression analysis as well as non-linear models.
Better results are obtained by modeling on larger and more homogenous bases. Bearing that in mind a special attention is paid to the possibility and requirements needed for creating a historical and contemporary data base with special reference to similar projects. What is proposed is a categorization of structures according to technical characteristics, contract awards, types of contracts, contracted price intervals, etc., that is, the most possible homogenization of each structure group. Any data base homogenization contributes to the higher accuracy of model parameters.
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